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I n t r o d u c t io n
The purpose of this paper is to describe in a general way the occur­
rence of certain detrital accumulations in the southwestern part of the 
United States, and to suggest a line- of investigation which' apparently 
makes clear the recent geologic history o f that region. The statements 
contained in the paper are supported by evidence which must be here 
omitted for want of space. On the other hand, thé fact is recognized' that 
in a region so extensive and so little known as that in which the detrital 
accumulations- occur, much more work must be d‘one before finaï conclu­
sions can be reached. The observations on which this paper is based were 
made mainly during rapid reconnaissance trips in western Arizona, 
although detailed work was done in' a murifter of places in the Southwest,
* Published by permission of the D irector of the  United S tates Geological Survey.
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notably in Salt River valley in central Arizona, Owens valley in eastern 
California, and in the Eio Grande valley in New Mexico.
G e o g r a p h i c  D i s t r i b u t i o n  o f  D e t r i t u s
Over a large part of the Southwest, extending from New Mexico to 
the Pacific ocean, detrital material fills the low places generally and 
transforms into broad detrital plains districts which might otherwise 
have very uneven surfaces. In  Arizona, where the writer has observed 
the deposits most widely, the detritus occupies the lowlands to the south 
and west of the Colorado plateau.
There are three general topographic provinces in Arizona—the high 
Colorado plateau, which occupies the northeastern part of the Territory; 
the low-lying desert plains, which occupy the southwestern part; and an 
intervening mountainous region. The mountains are in some cases rem­
nants of erosion and in others faulted and tilted crust blocks. In the 
mountain province the valleys are narrow, but broaden away from the 
plateau and merge finally into a detrital plain which surrounds the com-, 
paratively small and more or less isolated rock mountains of the plains 
region.
C h a r a c t e r  o f  t h e  d e t r i t a l  F o r m a t i o n s
The detrital material varies greatly from place to place in physical 
character, thickness, and general field relations, according to the manner 
in which it  was accumulated. Along stream courses and in regions for­
merly traversed by streams, it is composed of sand, silt, and water-worn 
pebbles. In  the alluvial cones and slopes at the base of the mountains 
it is composed of angular rock fragments. In  still other places it is com­
posed principally of clay, suggestive of flood-plain or lake deposit. Owing 
to the arid climate of the Southwest, there are few permanent streams, 
and nearly all of the rock waste from the mountains accumulates at the 
present time as alluvial cones and slopes or as a general film of “wash” 
over the surface of the plains. The climate, however, has not always been 
arid, and the angular material usually found at the surface is no indica­
tion that like material occurs beneath. In many places wells sunk in the 
detritus to depths of 1,000 to 1,300 feet have penetrated beds of very 
diverse character. No  uniformity in the kind of material or in the 
arrangement of constituent parts is found by which neighboring de­
posits can be definitely correlated. I have described at some length the 
composition of the detrital beds within a limited area, Salt Eiver 
valley,* and have shown that during the period in which accumulation
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took place the streams were sometimes depositing sand and gravels and 
sometimes carrying away those previously deposited, while at other times 
the fluviatile material was buried beneath mountain wash.
M e a n s  o p  C o r r e l a t i o n
The beds are unfossiliferous and for the most part are difficult of 
access. Filling as they do the ancient depressions, they occur chiefly in 
the lowlands and over undissected plains. It is only where an uplift of 
recent date has occurred or where some stream has cut a canyon in very 
recent geologic time that the deposits are well exposed. For these 
reasons the subdivisions of the detritus in one region can not be definitely 
correlated by ordinary means with those of a neighboring region. It is 
therefore of the greatest importance in studying these deposits that some 
means of correlation be found. In the course of my investigations in 
western Arizona, which included several overland excursions and a river 
trip from the mouth of the Grand canyon southward to Yuma, it became 
evident that an investigation of the detrital formations would be greatly 
aided by a physiographic study of the Colorado river. A brief summary 
of the physiographic history of the lower part of thé Colorado is here 
offered.
G e n e r a l  D e s c r i p t i o n  o f  t h e  l o w e r  P a r t  o f  t h e  C o l o r a d o  R iv e r
The Colorado river emerges from the Grand canyon at the edge of the 
Colorado plateau and passes in succession across a debris-filled valley, the 
Grand Wash trough; through a rock gorge known as Iceberg canyon; 
across a second debris-filled trough near Hualpai wash ; through a second 
rock canyon cutting the Virgin mountains ; across the debris-filled Detri- 
tal-Sacramento valley; through a third rock gorge— Boulder canyon— 
cutting the Black Mountain range; across Las Vegas basin; through 
Black canyon (see plate 34), and thence southward through a succession 
of less conspicuous rock canyons and detrital basins. In selecting its 
course the river seems to have shown little consideration for the easiest 
lines of erosion. It has disregarded mountain and valley alike. From 
casual observation, it would seem to have chosen about the roughest 
course possible. These facts are best shown in the accompanying map, 
plate 32.
E a r l y  g e o l o g ic  E v e n t s
No attempt is here made to write the early history of the region 
through which the lower Colorado river flows, further than is necessary 
to indicate the geographic conditions existing at the beginning of the
period of detrital accumulation. Briefly stated, the facts bearing on this 
subject are as follows:
The sedimentary formations of the Colorado plateau, still represented 
by a thickness of several thousand feet at its western margin, origi­
nally extended over a large part if not all of western Arzona. These were 
removed by erosion, the underlying crystalline rocks extensively exposed, 
and great quantities of andesite and rhyolite outpoured over a large part 
of the denuded area, to a maximum depth of about 3,000 feet. These 
lavas were later extensively eroded and broad valleys cut through them 
to a depth of 3,000 feet or more. Detrital-Sacramento valley, 10 to 15 
miles wide, is the most conspicuous of these old valleys in western Ari­
zona and was probably formed by the ancient Colorado river. Entering 
Arizona from southern Nevada where it is now occupied by Virgin river, 
this valley extends southward across the present course of the Colorado 
river east of the Black Mountain range (see plate 32) to the mouth of 
Williams river. The detrital basin still farther south, known as Great 
Colorado valley, through which the river flows for a distance of about 
75 miles, is the southward continuation of this ancient valley.
Sometime during the period in which Detrital-Sacramento valley was 
formed, a displacement of several thousand feet occurred at Grand Wash 
fault, accompanied by the tilting of a large crust block* and the forma­
tion of Grand Wash trough. This trough was later filled with detritus, 
while the upturned edge of the block exposed now in Iceberg canyon was 
planed oil by erosion. The graded surface thus formed, consisting in 
part of the beveled edges of upturned strata and in part of the detrital 
filling, now forms a shelf 1,400 feet above the river near the mouth of the 
Grand canyon.
In order that deposits of different age may not be confused, a brief ex­
planation may be in place regarding the detrital filling of Grand Wash 
trough.
Two formations occur. The older one, consisting of angular unas­
sorted fragments, mainly of granitic rock, varying in size from sand 
grains to boulders IQ feet in diameter, closely resembles the detrital 
masses accumulating at the present time throughout the Southwest along 
the bases of the mountain slopes. This formation contains a large 
amount of carbonate of lime near the top, occurring in part as a cement­
ing substance in the detritus and in part as a sheet of travertine 200 feet 
or more in thickness and nearly free from detrital matter. The younger 
detrital deposit is several hundred feet thick near the mouth of the Grand 
canyon and consists of water-worn gravel and boulders of limestone,
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marble, quartzite, argillite, and granite. It is obviously of river origin 
and was deposited in the valley which the Colorado river had previously 
eroded in the older detritus.
Another deposit, probably equivalent in age to the older filling of 
Grand Wash trough and evidently accumulated before the Colorado 
river was established in its present course, is found within Detrital- 
Sacramento valley near the mouth of the Virgin river and consists mainly 
of soft beds of sand and clay containing gypsum and rock salt. The 
occurrence of gypsum and salt in Deirital-Sacramento valley at this 
point is not easy of explanation on the assumption that this valley was 
excavated by the Colorado river. It is possible, however, that the saline 
deposits may antedate the formation of the valley, and that the ancient 
Colorado flowed across them in eroding it, just as the river in its present 
position crossed them in eroding the recently formed canyons.
The suggestion that Detrital-Sacramento valley was formed by the 
Colorado river is strengthened by the observations of Huntington and 
Goldthwait,* who show that after the first period of faulting of the Colo­
rado plateau, represented in the region here described by the displace­
ment at Grand Wash fault, which formed Grand Wash trough, and pre­
vious to the last period of extensive faulting and the uplift of the Colo­
rado plateau, a considerable area north of the Grand canyon in the vicin­
ity of Toqueville, Utah, was reduced to a peneplain. The Colorado 
plateau was undoubtedly much lower than now and the graded plain just 
described near the mouth of the Grand canyon is probably a part of this 
peneplain. It is assumed that the planation may have been accom­
plished by the Colorado river flowing at that time across the plateau 
region north of its present course and thence southward through Detrital- 
Sacramento valley.
R e c e n t  g e o l o g ic  E v e n t s
INTRODUCTORY S T A T E M E N T S
After the formation of the Toqueville peneplain, the second faulting 
and uplift of the Colorado plateau occurred, with a displacement of 5,000 
feet or more at Grand Wash fault. Whatever the previous course of the 
river may have been, this uplift fixed it in its present course by causing 
it to erode the Grand canyon. West of the plateau it flowed across Grand 
Wash trough, thence westward through the Virgin range of mountains to 
the previously formed Detrital-Sacramento valley, which it evidently fol­
* E llsw orth H untington and J . W. G o ld th w ait: The H urricane fau lt in the Toqueville 
d istric t, U tah. H arvard  Collection, Museum of Com parative Zoology Bull., vol. 42, 
1904.
lowed southward to the sea. After the inauguration of the Grand can­
yon, six distinct epochs are recognized, as follows, and more detailed 
examination may reveal others.
C A N T O S CUTTING (1)
The first epoch was one of regional uplift and active erosion in the 
plateau province. During this epoch the Colorado plateau rose to some­
thing like its present altitude and the Grand canyon was cut to a depth 
of about 6,000 feet. The area west of the plateau remained at a lower 
altitude, but was probably elevated to some extent, since the river lowered 
its channel 1,400 feet or more beneath the previously graded surface in 
Iceberg and "Virgin canyons. The amount of erosion within the Detrital- 
Sacramento valley was probably correspondingly great, but little can be 
said of this on account of the later alluvial filling of the valley which has 
not been removed.
G R A V E L  DEPO SITS  AND L A V A  FLOW S
After the canyon had been cut to its present depth near the western 
border of the Colorado.plateau, but probably not to so great a depth 
farther upstream, some change occurred which caused the river to deposit 
sand and gravel along its course from the Grand canyon to the gulf of 
California. Near the mouth of the canyon gravels were deposited in a 
narrow valley and only small remnants of the beds remain at the present 
time, as those in Grand Wash trough previously referred to as the 
younger of the two detrital formations found there; but in the broad 
Detrital-Sacramento valley immense deposits accumulated to a depth of
2,000 feet or more. Similar deposits were formed in the other valleys of 
the Southwest and the low-lying parts of the interstream areas were built 
up by accumulations of angular rock debris derived from near-by moun­
tains. Plate 33 is a photograph taken at a point where the detrital plain 
meets the rock slope of Hualpai mountains, and illustrates the character­
istic relation of the detritus to the mountain slopes throughout western 
Arizona.
The extensive aggradation caused some of the rivers to wander from 
the valleys formerly occupied by them, and their gravel-filled channels 
were in some cases covered by upland wash. A notable occurrence of 
river gravels beneath a desert plain and the diversion of the river which 
deposited them has been described by the writer in a paper on the under­
ground water conditions of Salt River valley,* in which Salt river, now 
flowing north of Salt River mountains, is shown to have formerly passed 
to the south of those mountains.
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During this epoch of deposition numerous volcanic, eruptions oc­
curred. Sheets of basalt are included within the gravels at numerous 
places along the Colorado river, from the mouth of Grand canyon to 
Yuma. In some places they occur near the base of the gravels and in 
other places near the top. At the mouth of Williams river a series of 
eruptions occurred near the close of the epoch, the molten basalt bursting 
upward through the gravel tilling of Detrital-Sacramento valley and 
spreading over its surface. One of the vents through which the basalt 
issued is represented by a large volcanic neck exposed in Williams canyon, 
and some of the lava hills in Detrital-Sacramento valley a few miles 
north of this canyon appear to be volcanic necks. After five sheets of 
basalt, each one several feet in thickness, had been formed in succession 
on the floor of the valley and each one buried in turn bv a few feet of 
sand and gravel, a flood of molten rock was outpoured, forming a thick 
sheet, which extended completely across the valley and probably dammed 
the river. The undissected parts of this sheet indicate an original thick­
ness of 800 feet or more.
A dam 800 feet high thrown across the Colorado river at this place 
would create slack water conditions not only throughout the entire length 
of Detrital-Sacramento valley, but far into the Grand canyon, and must 
have facilitated the deposition of river sand and gravel, which had 
previously accumulated in the valley to a depth of more than 1,000 feet. 
The altitude of the basalt sheet is essentially the same as that of the sur­
face of Detrital-Sacramento and of the sand and gravel remnants found 
far above the river in the sides of Virgin canyon and at the mouth of 
Grand canyon.
CANYON CUTTING (2)
A second epoch of canyon cutting was brought about by some influence 
which rejuvenated the streams throughout the Southwest. During the 
extensive aggradation of the previous epoch some of the streams had wan­
dered far from their old channels and in their now invigorated condition 
cut new canyons, while others reexcavated wholly or in part the old filled 
valleys.
The course established by the rejuvenated Colorado river was appar­
ently influenced by the volcanic dam. An outlet had evidently been 
found through the Black Mountain range north of mount Wilson, and the 
river, abandoning its former course, remained west of this range as far 
south as Williams river, where it cut through the western edge of the 
basalt sheet and returned to its old valley after establishing a new 
course for a distance of about 125 miles. A more difficult course could 
scarcely have been selected. Instead of reexcavating its old channel
where the only hard rock to be eroded was the volcanic dam, it eroded four 
rock gorges, namely, Boulder, Black, Needles, and Aubrey canyons, and 
crossed four debris-filled basin3, namely, the Las Vegas wash, Cottonwood 
valley, Mohave valley, and Chemehuevis valley, before returning to its 
former course in Great Colorado valley. The excavation of the detritus 
in the basins was naturally more rapid than the work in the hard rock of 
the ridges separating them, and the result is the curious alternation of 
short, sharp canyons and basin-like valleys characteristic of the Lower 
Colorado river.
Plate 34 is a photograph, taken in Boulder canyon, showing walls about
2,000 feet high and illustrating the youthful character of the canyons 
eroded during this epoch.
A satisfactory explanation for the passage of the Colorado river through 
Boulder canyon is yet to be found, as the mountain ridge is apparently 
higher than the volcanic dam supposed to have caused the diversion of 
the river. Several possible explanations might be offered, such as stream 
capture, overflow through a low pass, or a rise of the mountains aeross the, 
river’s course. The latter seems to be the more probable, from the fact' 
that the Black moimtains are in a region known to have been affected by 
recent faulting and block tilting.
D EPOSITION OF G RAVELS
Some influence not certainly known brought the second period of ero­
sion to a close and caused the river for a second time to fill its valley 
with sand and gravel. The debris-filled basins in which broad valleys 
had been excavated while the canyons were being cut in the harder rock 
were again filled to a depth of about 700 feet. These deposits occur in 
the terraced bluffs on either side of the river more or less continuously 
exposed! from the mouth of the Gravel canyon to the gulf of California.
CANYON CUTTING (3)
At the beginning of this epoch of erosion the river was flowing within 
narrow limits over an aggraded surface as it had dome over a much wider 
aggraded surface at the close of the second epoch described (epoch 6 of 
the following table). Some change of condition, the cause of which is 
not definitely known; caused the river to again erode its bed, reexcavating 
for the-most part the old channel, but in a number of places cutting rock 
gorges at one side, as at Bulls head near Port Mohave and at Big bend 
in, the Needle mountains.
FORM ATION OF FLOOD-PLA1NS
After the channel had been cut considerably lower than the present bed 
of the river, sand and gravel for the third time accumulated, the action
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continuing to the present time, forming broad flood-plains. The river is 
continually filling its channel and changing its course, either gradually, 
by lateral cutting, or suddenly, by establishing some new course during a 
flood. The rapidity of the filling is indicated in many places where the 
river has cut laterally, exposing the roots of trees and shrubs now buried 
to a greater or less extent. Many places were noted where living arrow 
weeds are standing in five feet or more of silt. In other words, the sur­
face on which the arrow weed had begun to grow had been built up 5 feet 
or more during the life of that shrub. The flood-plains contain numer­
ous sloughs, lagoons, oxbow lakes, and other evidences of change in the 
river’s course.
C o r r e l a t i o n s
The various epochs described can not at present be assigned definite 
places in the geologic time scale, but with a knowledge of their order 
which is apparently clear, and of their relative duration, which detailed 
investigation might furnish, the establishment of any one in the time 
scale would give relative place to all. Unfortunately this is not possible 
at present, although a probable correlation is found with the Gila con­
glomerate, which has been referred to early Quaternary.* This conglom­
erate is presumably equivalent to the great detrital accumulation of the 
Lower Colorado river region (epoch 6 of the following table), the corre­
lation being based on the similarity of the beds in composition, physio­
graphic position, and general field relations, as well as their mutual asso­
ciation with flows of basaltic lava. 1
If this detritus and the Gila conglomerate are correctly referred to 
early Quaternary, the order of events described places the rise of the 
plateau (4) and the origin of Grand canyon at or near the close of the 
Tertiary period, and the filling of Grand Wash trough (3 ), which “ante­
dates the erosion of the Grand canyon, in the Pliocene, as suggested by 
Mr Spurr.f It also makes the great masses of andesite and rhyolite (2) 
equivalent in age to the extensive lava flows of Oregon and Washington, 
which Professor Le Conte+ has shown were outpoured at the close of the 
Miocene.
It is altogether probable that the history as here outlined is imperfect 
and will be modified by further investigation. Tt is possible that phe­
nomena which are conspicuous in this region may not be as far-reaching 
as they seem to be, and that event? of great importance in the recent
* G. K. G ilb e rt: Wheeler Survey, vol. Hi, 1875 ; Geology, p. 540.
F. L. Iiansome : l \  S. Geological Survey, Professional Paper no. 12, 1008, pp. 47-57.
f  J . K. S p u rr : l \  S. Geological Survey Bull. no. 208, p. 132.
X Joseph Le Conte : Am. Jour. Sci., 3d ser.. vol. 7, 1874, pp. 176-178.
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geologic history of the Southwest may not be here recorded. It is 
thought, however, that the Colorado river, flowing as it does through the 
midst of the region where the Quaternary deposits have such great devel­
opment, is likely to furnish the best field for the study of these deposits.
T a b u l a r  R f isu M i
Deposition epochs.
' 10. Formation of flood-plains; ac­
cumulation still in progress.
Erosion epochs.
9. .........................................................
8. Deposition of 700 feet of sand 
and gravel.
7...................................................
Rejuvenation of stream s; Colorado 
river lowers its bed about 500 
feet.
Rejuvenation of stream s; Colorado 
river, flowing west of Black 
mountains, lowers its bed 2,000 
feet or more and cuts Aubrey, 
Needles, Black, and Boulder can­
yons.
6. Widespread aggradation and 
volcanic eruption; Colorado 
river deposits 2,000 feet or 
more of sand and gravel.
3. Pliocene; local deposition; fill­
ing of Grand Wash trough; 
erosion of Detrital - Sacra­
mento valley.
Grand canyon eroded to a depth of 
about 6,000 feet; Colorado river 
flowing in Detrital-Sacramento 
valley.
Rise of Colorado plateau and dis­
placement a t Grand Wash fa u lt; 
origin of Grand canyon.
Great volcanic activity ; eruption of 
andesite and rhyolite.
Miocene; general degradation.
